Background: The objective of this study is to determine the prevalence and
INTRODUCTION
Fossa navicularis is an anatomical variation demonstrating as a bony, notch-like dehiscence in the basiocciput, on the inferior aspect of the clivus. Synonyms of this entity include fossa pharyngea, large pharyngeal fossa, keyhole defect, longitudinal or transverse segmentations, fossa navicularis magna and canalis basilaris medianus, with terminological overlapping [13] . In most cases, fossa navicularis is discovered in radiological examination as an incidental finding [1] ; indicated by typically wellcorticated margins.
Cone beam computed tomography (CBCT) is a reliable method for evaluating bony structures [5] , and is recommended as a dose-sparing technique for maxillofacial imaging [6] . CBCT images demonstrate regions of the skull base, which are not within the area of interest. Therefore, dentomaxillofacial radiologists must identify and report anatomical variations in order to prevent unnecessary further evaluation.
Fossa navicularis requires no intervention. Hence, knowledge of the anatomy of the area is necessary for the interpretation of pathological and anatomical variations. No prior studies have investigated the prevalence and morphometric features of fossa navicularis using CBCT. Due to lack of information in the literature, especially in the field of dentomaxillofacial radiology, this study aims to determine the prevalence and morphometric features of fossa navicularis, using CBCT.
MATERIALS AND METHODS
This retrospective study was conducted according to the principles of the Declaration of Helsinki. A total of 723 subjects (420 females, 303 males, with an age range of 10 -89 years), who underwent CBCT examination for dentomaxillofacial indications between the years of 2010 -2014, were included in the study. Individuals had no syndromes, history of neurological diseases or surgery in the area of interest.
Written informed consent was obtained from all patients/legal guardians prior to imaging with CBCT.
CBCT imaging was conducted using an ILUMA CBCT device (Imtec Corporation, Oberursel, Germany; 120 kVp, 3.8 mA, and a voxel size of 0.2 mm, with an exposure time of 40 seconds). The image analysis and measurements were performed on Invivo5 dental software (Anatomage, San Jose, CA).
Fossa navicularis, if present, was detected on sagittal plane by scrolling through the image around the midsagittal area of anterior side of clivus. Once detected, depth and length was measured on the sagittal plane from the deepest portion ( Figure 1a ).
Subsequently, navigator of the software was placed on the area of interest and on the axial plane, width of the fossa navicularis was also measured from the same point (Figure 1b) . Besides, the shape was described as oval or round (Figure 2 ).
SPSS version 22 for Windows (IBM SPSS, Turkey) was used for statistical
analysis. In addition to the descriptive statistical methods, normality of the data distributions was evaluated Kolmogorov-Smirnov test. Differences in measurements between genders were tested by Mann Whitney U test, whereas between age groups by One-way Anova test. The intraobserver agreement was assessed using the Intraclass Correlation Coefficient (ICC) that was found between 0.88 and 0.94. Statistical significance was set at p<0.05.
RESULTS
CBCT images of 48 (6.6%) individuals demonstrated a fossa navicularis. Fossa navicularis was observed in male patients more than female patients (4.0% and 2.6%, respectively; Table 1 ).
between genders and age groups in terms of depth, length and width measurements (Table 2 ).
In terms of shape, 39 (5.4%) were found to be oval, whereas 9 (1.2%) of them were round (Table 3 ). All the fossa navicularis were demonstrated as a single bone cavity. Double pharyngeal fossa, which was previously demonstrated [11], was not encountered in the images of this study.
DISCUSSION
This is the first study that demonstrated the prevalence and morphometric features of fossa navicularis by using a CBCT device. The percentage of fossa navicularis identified in this study (6.6%), was found to be higher than the percentage reported in previous studies performed on dry skulls or CT images of the patients. Fossa navicularis was reported by Rossi [11] in 55 (1.5%) of 3712 dried skulls, by Romiti [10] in nine (0.9%) of 990 skulls, by Rizzo [9] in seven (2.1%) of 335 skulls, by Ray et al. [8] in three (1.49%) of 202 skulls, whereas by Cankal et al. [2] in 26 (5.3%) of the 492 dry skulls and in 16 (3%) of the 525 CT scans.
Cankal et al. found the incidence of a fossa navicularis of 2 mm in depth in dry skulls (2.9%) was nearly the same as detected in patients (3.0%) and thereby concluded that the incidence of fossa navicularis was higher in anatomical studies than it is in radiological studies due to the difficulties in detecting a fossa navicularis of 2 mm depth in CT images [2] .
However, the incidence they found in dry skulls was higher than in other previous studies performed on dry skulls. This discrepancy suggests that there could be an effect of race-related differences on the results.
In our study, the percentage of fossa navicularis was found higher than previously demonstrated. Maybe because this study was carried on CBCT images that have a slice thickness of as minimum as 0.1 mm, technique more accurate than in CT studies.
Additionally, in our study the patients were Turkish. Cankal et al. [2] , who were also Turkish, did not provide any information on the origin of the population in their study. It is probable that in case they studied also in Turkish population, this would support the idea that the origin of the patients has effect on the prevalence that the prevalence of fossa navicularis is higher in Turkish population.
In the reported cases, the depth varied from 2 mm to 5.5 mm, the length from 7 mm to 13 mm, and the width from 5 mm to 8 mm [1] . Ray et al. [8] measured the depth as 0.5 mm > in one, and 0.5 mm < in two skulls, and they found the mean length and width as 5 mm and 3.66 mm, respectively. Cankal et al. [2] reported that depth ranged between 1.10 mm -4.11 mm, length between 1.79 mm -9.33 mm, and width between 1.50 mm -3.90 mm, on dry skulls. They did not provide any information on the fossa navicularis measurements on CT images. In our study, the depth varied from 1.2 mm to 6.8 mm, the length from 1.2 mm to 6.8 mm, and the width from 2.0 mm to 8.9 mm.
Fossa navicularis was usually reported as oval in shape with the major axis in the sagittal plane; less frequently, it was perfectly round [1] , as also seen in our study.
There are few references to the fossa navicularis in recent anatomy textbooks or scientific papers. Testut described the fossa navicularis in 1921 on radiographs of a patient [13] . Collins referred to it as the fossa pharyngea [3] , whereas Currarino used the term canalis basilaris medianus [4] . In the literature, the formation of fossa navicularis is still controversial. This structure contains the smaller pharyngeal fossa and may be related to notochord remnant in the roof of the pharynx that prevents complete ossification of the basiocciput [1] . It was also suggested that it might be a variant of incomplete canalis basilaris medianus (inferior basiocciput type) since they have radiographically identical features [13] . Differential diagnosis includes anatomical and pathological variations [2] .
Previously, it was shown in some case reports that fossa navicularis might serve as a route for the spread of an infection from the oropharynx to the base of the skull [4, 7, 12] , in which complete recovery could be achieved with surgical obliteration of the bony defect [4] . Therefore, understanding the embryology and anatomy of bony variations may promote better diagnosis of disease in this region.
CONCLUSIONS
In conclusion, even though the prevalence of fossa navicularis was found to be higher than previously reported on dry skull and CT studies, it still seems to be rare.
The anatomical structure of the fossa navicularis can be studied effectively on CBCT images. It could be a good technique for the analysis of the fossa navicularis compared to the dry skull and CT studies. Besides, the linear dimensions and shape of the fossa navicularis are applicable as reference standards for further investigation in the Turkish population. Table 1 . Distribution of patients with a fossa navicularis according to age groups and gender. 
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